Objective: We describe how electronic health record (EHR) audit files can be used to understand how time is spent in primary care (PC). Materials/methods: We used audit file data from the Geisinger Clinic to quantify elements of the clinical workflow and to determine how these times vary by patient and encounter factors. We randomly selected audit file records representing 36 437 PC encounters across 26 clinic locations. Audit file data were used to estimate duration and variance of: (1) time in the waiting room, (2) nurse time with the patient, (3) time in the exam room without a nurse or physician, and (4) physician time with the patient. Multivariate modeling was used to test for differences by patient and by encounter features. Results: On average, a PC encounter took 54.6 minutes, with 5 minutes of nurse time, 15.5 minutes of physician time, and the remaining 62% of the time spent waiting to see a clinician or check out. Older age, female sex, and chronic disease were associated with longer wait times and longer time with clinicians. Level of service and numbers of medications, procedures, and lab orders were associated with longer time with clinicians. Late check-in and same-day visits were associated with shorter wait time and clinician time. Conclusions: This study provides insights on uses of audit file data for workflow analysis during PC encounters. Discussion: Scalable ways to quantify clinical encounter workflow elements may provide the means to develop more efficient approaches to care and improve the patient experience.
the quality of care under these increasing pressures. 5 The Health
Information Technology for Economic and Clinical Health (HITECH) Act triggered a rapid increase in EHR adoption, and now EHR vendors are beginning to make electronic health applications available to health systems. 5 Improvements in the development, implementation, and uses of health information technology in clinical workflows strongly depend on the ability to learn rapidly. 6 Approaches to workflow analysis in service businesses including health care are dominated by time-and resource-intensive methods that depend on ethnographic research and in-depth interviewing. 7, 8 These methods are not scalable for use in health care, where service workflows will be transformed through accelerating growth in information technology solutions, data density and diversity, and other factors. The demand to keep pace by rapidly learning what works best in health care will require scalable and automated approaches to measuring workflow elements. While data to support workflow analysis are widely available, only a minority of time and motion studies leverage these automatically computer-generated data. 8 In part, the challenge is to identify a source of automated data that both facilitates rapid evaluation and is comprehensive enough to account for the key elements of the clinical workflow. Attributes of the Workflow Elements Model include the actors, the actions of the actors, the timing of the actions, how the actions interact, and the characteristics of these actions within the context of workspace and organizational factors. 7 In health care, a wealth of time-stamped data are automatically generated in the EHR audit file to track user activity in the EHR and document all EHR-related transactions. Used for data security and privacy management, the audit file is also a valuable resource to understand how time is used in clinical practice. For every clinical encounter, the audit file tracks the actors (eg, doctors, nurses, patients), their actions (e.g., medication orders, check-in), and the sequencing and duration of these actions. The audit file can be used to study workflow and to evaluate efforts to increase efficiency in less time and with fewer resources than are typically required with other approaches to workflow analysis. 7 Previous studies have used audit files to measure clinical documentation time, detect patterns of EHR use, and monitor user activity. [9] [10] [11] [12] [13] We describe another method of utilizing the audit file to understand clinical workflows and patient experience.
METHODS
Audit file data from the Geisinger Clinic (GC) EHR were used to understand the workflow of office visits in PC practice clinics. We used retrospective audit file data to quantify workflow elements 7 from the time of patient check-in to check-out relevant to key actors (ie, patient, nurse, physician), actions, and timing. Specifically we measured: (1) who was involved in the ambulatory care of PC patients, (2) how much time each clinician spent with patients, and (3) how much time patients spent waiting to see clinicians. We linked audit data with EHR data to determine how these times varied by patient and encounter factors. This study was approved by the Geisinger Institutional Review Board.
Setting
GC serves over 400 000 primary care patients in more than 40 counties across Pennsylvania and includes 30 family practice clinics. We used the data from GC's EpicCare EHR audit file for this study.
Source of data and variable definition
Data were merged from the Cadence Enterprise Scheduling system and the Epic EHR audit log file using the unique serial number associated with each encounter. Cadence is an Epic-integrated application used for outpatient scheduling. Cadence data files include, among other items, appointment times and check-in and check-out times. The Epic audit log file maintains a time-stamped record of each transaction that occurs when a patient record is in use. In a typical encounter workflow using an EHR, a clinician views a module in the record (eg, vital signs), accepts a module in the record (eg, saves changes to vital signs), and then exits the module (eg, exits the encounter). The audit log tracks any user who logs in to a patient record, each of the user's actions (eg, "view," "accept," "cancel," "print," or "exit") during an encounter, and the Epic modules in which the actions were taken (eg, encounter, medication lists, orders, etc.).
Selection of primary care encounters
Given the substantial volume of audit file data, we selected a stratified random sample from 1 212 446 PC encounters that occurred in GC PC practice clinics between January 1, 2009, and June 30, 2011. Encounter records were selected if there was at least 1 action recorded in the audit file between check-in and check-out. To reduce the processing time and computational memory required for analysis of the audit file, we then selected a simple random sample of 30 individual dates from within the study period. This yielded a 3% random sample of 36 437 encounters across the 26 family practice clinics active during the study period.
Estimating duration of primary care encounter activity
The duration of PC encounters was calculated from sequential audit file records, and the workflow was defined by the order and number of physicians, nurses, and staff members who interacted with the patient. A total of 26 distinct workflows were identified, but 78% of the encounters followed the same workflow that involved a single nurse interaction followed by a single physician interaction. After excluding atypical encounters (eg, no-shows, nursing facility care) and encounters with data errors (eg, extreme outliers), we identified 22 523 encounters with 1 nurse and 1 doctor for 20 905 unique patients. We provide summary statistics on all workflows (Table 1) but confined the detailed analysis to the most common workflow ( Figure 1 ). The common workflow was divided into 4 distinct phases: (1) waiting room time, defined by time of clinic check-in to nurse entry into the exam room; (2) nurse time with patient, defined by nurse entry to nurse exit from exam room; (3) wait time in exam room, defined by nurse exit to physician entry into the exam room; and (4) physician time with patient, defined by physician entry to physician exit from the exam room. Physician time included time with either a physician or physician assistant, and subsequent references to "physicians" include both physicians and physician assistants. Interviews with clinical and office staff confirmed that these audit file data reflected the most typical workflow pattern in primary care.
For this analysis, the total duration of the encounter was defined by the difference between the Cadence check-in and check-out times. Audit records were then used to define when a nurse or physician was with the patient. Because the audit file in the Geisinger system does not distinguish between activities with the patient that take place inside vs outside the exam room, we defined physician activity after check-in, but before the nurse put the patient in a room, as time logged in to the patient record outside the exam room. For the purposes of describing exam room-only activity, we excluded from analysis these outside-the-exam-room audit transactions. In addition, Geisinger uses a "secure and stay" function that allows a user to exit the EHR. When a nurse uses this function, the audit file does not record the nurse exiting the encounter until the physician logs in to the secured/stayed screen, resulting in matching time stamps for the nurse "exit encounter" and the physician "view encounter." When this occurs, the duration of time that the nurse spent with the patient is overestimated. Therefore, in the event that these time stamps matched, we used the time stamp of the last nurse action prior to the matched time stamp as the nurse exit time.
Patient-level, encounter-level, and clinic-level predictors of encounter times
We used EHR data to determine characteristics of the patients and encounters included in our analysis. Patient factors included age, sex, and race. Encounter factors included the level of service, time of day of encounter, whether the encounter was a same-day encounter, and whether the patient checked in after the designated appointment time. We determined the numbers of procedures, lab orders, and medication orders associated with the encounter, and whether or not the patient had evidence of 1 of the following chronic conditions in his or her medical record: congestive heart failure, cardiovascular disease, diabetes mellitus, or hypertension.
Analysis
A random effect linear model was fit to log-transformed temporal measures of the most common workflow, 1 nurse followed by 1 doctor. Encounters were nested within clinic sites with an appropriate random effect for each site. Analyses were completed to determine if variance in temporal measures was related to patient and encounter features. Encounter intervals were included in the analysis if they occurred between check-in and check-out, were positive time intervals, and did not exceed 6 hours. The top and bottom 1% of encounters for time spent with physician, check-in to nurse entry time, and nurse exit to provider entry time were removed, as well as the bottom 1% of time spent with the nurse, as these represented extreme outliers that were also time intervals that were not plausible.
RESULTS
Approximately 94% of all encounters occurred with either a single nurse and physician (78%) or 2 nurses and a single physician (15.8%). Four encounter types accounted for 97.7% of all encounters. The remaining 2.3% of encounters involved combinations of up to 8 nurses and physicians (Table 1 .) More than 80% of the encounters were for a level of service of 3-4. The distribution of levels of service did not differ among the 4 most common encounter types (Table 1) .
For these encounters, an adult office visit took, on average, 54.6 minutes, and a majority of that time was spent in either the waiting room or the exam room without the nurse or doctor. For the remainder of the paper, these intervals are referred to as wait times. Time spent with the nurse, an average of 5.0 minutes, was relatively short compared to the average time of 15.5 minutes spent with the physician (Table 2) . Patients spent an average of 45% of the encounter time waiting, with 13.5 minutes in the waiting room and 11.2 minutes in the exam room. Time spent waiting was highly skewed, with the upper end of the interquartile range approximately twice the median (Table 2) . Interval times varied considerably by patient (Table 3 ) and encounter features (Table 4) . Patients spent 9.4 minutes preparing for and checking out of the encounter. While a portion of this last interval of time may include waiting (eg, waiting to make a co-payment and check out), it also includes activities such as getting dressed, scheduling a follow-up appointment, and com- pleting lab work. Given the range of typical activities during this last interval of the visit, we excluded this time interval from the additional analysis described below.
Patient features
Time spent by patients in the first 4 intervals of the PC encounter varied by a number of patient-level factors. Total time was greater for older patients than for younger patients and for patients with specific diseases compared to those without the diseases (Table 3 ).
In general, wait time increased with increasing age. and the statistically significant trend with age was steeper for waiting room time (mean of 12.0 for 19-39 years vs 15.9 for 80þ years) than it was for exam room time (mean of 10.4 for 19-39 years vs 12.3 for 80þ years). Those with specific diseases had greater wait times than those who did not, with the greatest differences observed for congestive heart failure and other cardiovascular diseases. Time spent with the nurse, and especially with the physician, was also longer for older patients and for patients with specific diseases (Table 3) . Females tended to have slightly longer interval times with clinicians when compared to males (Table 3) . White patients spent less time in the waiting room compared to non-white patients, but race was not associated with variation in other encounter intervals. Patients with a late check-in, defined as documented check-in time that was at least 1 minute later than the scheduled appointment time, had substantially shorter wait times in the waiting room (9.7 vs 14.4 minutes) and, to a lesser degree, shorter wait times in the exam room (9.5 vs 11.5 minutes). Late check-in was also associated with less time with the nurse and the physician. Acute or same-day visits required less time, on average, in all intervals.
Encounter features
Level 3 and level 4 visits accounted for almost 90% of all encounters (Table 4) , and the trend in time spent with clinicians increased in relation to the level of service. Notably, waiting room time and, to a lesser degree, exam room time also had a statistically significant increasing trend with level of service. Physician time was approximately twice as long for a service level 5 visit compared to a service level 3 visit. These associations remained after controlling for checkin time and the numbers of procedures, labs, and medications ordered.
A total of 55.6% of encounters occurred before 1 pm. Wait times were shorter at the beginning (before 10 am) and at the end (after 4 pm) of the day. Patients with appointments between 10 am and 4 pm waited an average of 2.0-2.4 minutes longer in the waiting room than patients who had an encounter start time before 10 am. While nurse time did not differ by time of day, physician time with the patient decreased from the morning to the end of the day (Table 4) .
In general, the numbers of orders for procedures, labs, and medications were not associated with either waiting room or exam room times, but there was a statistically significant increase in time with both the nurse and the physician in relation to numbers of orders of each type. The greatest differences were observed for procedure orders, where the time the patient spent with the physician was more than 50% longer, on average, when 3 or more procedures were ordered as compared to a visit when no procedures were ordered.
DISCUSSION
Relatively little is known about how patients, nurses, and physicians spend time during PC encounters. Historically, in a paper-based practice, the type of data required to measure time had to be obtained manually. With the rapid adoption of EHRs, time-stamped audit data are routinely captured and offer a means for clinical practices to better understand workflow and how much time patients spend waiting. These data can also be used to improve practice efficiency and the patient experience. This is the first paper, to our knowledge, to use EHR audit file data to measure how time is spent during ambulatory care encounters. This source of data captures key attributes of clinical workflow, including who is involved, their activities, and the sequencing and duration of activities. 7 Our results are consistent with prior studies using more traditional approaches to workflow analysis. [7] [8] The construct validity of our findings is supported by the expected relationship between increased physician time that is required in relation to increased level of service, patient disease burden, and number of procedures performed during an encounter, among other factors. Our study offers insight on a scalable approach to workflow analysis that makes use of readily available data and that can support rapid learning. 8 Our analysis of adult PC encounters reveals that the average duration of face-time that patients had with physicians was 16 minutes, while the average time spent at the encounter overall was 56 minutes. Our findings are consistent with other studies where data were collected manually. 14, 15 We found that certain patient features (eg, advanced age, female sex, using multiple medications) required more physician time. 14 Our results expand on previous findings by identifying patient characteristics associated with physician time and, separately, with nurse time, and with waiting times. Audit file data identify the location at which actions take place (ie, clinic site/location) in ways that could support research and rapid learning about operational improvements (eg, Plan Do Study Act) designed to influence process, structural design (eg, clinic size and layout), or organizational design (eg, staffing models) of clinics on workflow elements, clinical outcomes, and patient, provider, and staff experience. Our analysis expands ways in which audit files, available with all certified EHR systems, can be used to better understand the care delivery process. 16 While the approach we took to summarizing data is informative and can be easily implemented by others, our work only scratches the surface of potential applications of these data. In general, audit file data can be used to understand factors that improve or disrupt clinical processes, informing care delivery and clinic operation decisions.
Opportunities to use these data may be found in simulation modeling. Simulation modeling, widely applied in other industries, opens Encounters with a workflow of 1 nurse followed by 1 doctor.
opportunities to experiment with diverse approaches to delivering care without disrupting the running system. 17 Simulation modeling is optimal when detailed time-stamped data are available and, in health care, enables low-cost experimentation with different staffing models, scheduling strategies, and other ideas for improving care delivery. Audit data reveal the substantial amount of time that patients wait and when and where waiting occurs, informing workflow strategies to improve efficiency and increase patient satisfaction. 18, 19 For example, efforts could be made to reduce patient wait time. Alternatively, digital patient data-capture protocols that leverage wait time could be implemented to both understand more about the patient needs and reduce the time taken by nurses and physicians to obtain information during patient encounters. The ability to "put the patient to work" during the encounter is becoming a pressing issue, as providers are increasingly incentivized to incorporate patientreported outcomes into care delivery. [20] [21] [22] Audit file data revealed noteworthy patterns. For example, patients were rewarded with a shorter waiting room time if they had a late check-in. This is sensible, given the relatively long average duration of waiting room time, and suggests that notifying patients in real time (eg, by texting) could reduce wait time, likely improving patient satisfaction. Compared to physicians, nurses do not spend much time with patients. For more complex patients, nurses could be trained to gather and document more information, saving physician time and also allowing physicians to understand more at the beginning of the encounter. This type of workflow could substantially reduce the cost per total relative value unit.
Audit file data are likely to be important in devising more efficient care processes and tailoring care to patient-specific needs. We showed that physician and nurse time varied by disease burden and by what was ordered during an encounter. Known or predicted features of a scheduled encounter may provide the means to structure efficient approaches to scheduling and to connecting a patient with the most sensible care team. These data could be used to inform scheduling software that, for example, incorporates more exact predictions of provider visit length based on such known patient characteristics.
14 Combined EHR clinical and audit data could be used to predict the most appropriate clinician for a patient encounter.
Limitations
This study was confined to only 1 health system and represents the workflow of a single institution. However, our estimates of time are consistent with national estimates. 13, 14 Furthermore, the audit log file is available to other health systems that use a certified EHR 
CONCLUSIONS
The ability to study EHR audit data retrospectively makes this lowcost method of workflow analysis uniquely suited to evaluating the rapid changes in operations and health policy. The longitudinal data available in an organization's audit files allow for the comparison of workflow, wait time, and provider face-time before and after a range of changes, from the expansion of clinic hours to changes in Medicare reimbursement. The use of more traditional methods of workflow analysis, such as time and motion studies, requires a prospective study design and advanced notice of pending policy changes in order to evaluate the impact of these changes. In a time when health systems are struggling to stay up to speed with health reform, such studies are generally not feasible.
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